SHG measurements on a highly transparent clay film ionexchanged with chiral metal complexes revealed that the monomolecular layer of the chiral complexes in an interlayer space acquired a non-centrosymmetric character.
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Among clay minerals, a smectite clay is most extensively employed as a host due to its highly expandable character. It is a prevailing view, however, that the intercalation compounds of a smectite clay are difficult to acquire a non-centrosymmetric property because it belongs to a 2:1-type clay, in which each layer has the same phyllosilicate networks on both surfaces. 5 As a result, polar molecules cancel out their non-centrosymmetry as a whole under the anti-parallel arrangement. One of the counter measures for this is to intercalate two different kinds of molecules in an asymmetric way. In fact, artificial layering based on the Langmuir-Bloodgett technique has been successfully applied to achieve such an arrangement. 6 In contrast, it is generally impossible to prepare an intercalation compound according to the natural deposition method. 7 In the present study, we report the preparation of a clay film with non-centrosymmetric character simply by filtering an aqueous suspension of a clay and chiral metal complexes through a membrane filter. The deposited film was transcripted onto a fused silica substrate. We reported that the films obtained under optimized conditions were highly transparent and free from any light scattering. 8 When the SHG measurements were performed on such a film, an optical second harmonic wave was generated with the dominant contribution of a chiral component of the second-order nonlinear susceptibility, χ (2) xyz . A key to our method was thought to lie in the realization that the clay nanosheet and the monomolecular layer of metal complexes stacked regularly over several micrometers in an alternating way.
The synthesis and resolution of cationic ruthenium(II) complex, [Ru(phen) 3 ]Cl 2 (phen = 1,10-phenanthroline), was performed according to the reported method. 9 The compound was identified by uv-visible and circular dichroism spectra and 1 H NMR. The optical purity of the compound was estimated to be higher than 98 % for both enantiomers. Synthetic saponite (Smecton SA, Kunimine Ind. Co. (Japan), Cation Exchange Capacity (CEC): 0.997 meq g -1 ) was used as a clay sample. Homogeneous adsorption was carried out by adding an aqueous solution of the metal complex (10 μM) to an aqueous dispersion of a clay (42 mg l -1 ) dropwis under rigorous stirring. The obtained dispersion was filtered under suction though a membrane filter (4.8 cm 2 and 100 nm pore size) for several hours. The films deposited on the membrane filter were peeled off from the filter. Although self-standing films could be obtained, the film was too thin to mount on optical stage tightly. Therefore, we transferred the film onto a fused silica substrate and then applied for optical measurements. We made thermogravimetric (TG) analysis of the film up to 300 C. As a result, monotonic decrease of the weight less than 5% was observed. Furthermore, absorption spectra were almost identical ever when the film was kept under a low (20%) and a high (95%) humidity atmospheres for 72 hours. From these facts, it should be concluded that the film does not include water.
The transparency of the films was ascertained by measuring the absorption spectrum as shown in Figure 1 (a). The absorbance of the films at the wavelength region longer than 660 nm was nearly zero, where [Ru(phen) 3 ] 2+ absorbed no light. The inset of Figure 1 (a) shows that the absorbance at 450 nm due to the intercalated metal complex increased linearly with the volume filtered. It implied that the thickness of the film increased uniformly with increase of the deposited amount. In fact, the film thickness as measured by the Swanepoel method 10 increased linearly with increasing amount of the filtered. The thickness of the film, for example, was 1.6 μm when 40 ml of a suspension was filtered.
Figure 1(b) shows the polarized electronic absorption spectra of the film at the filtered amount of 20 ml. The absorbance was measured by polarizing the incident light either s-(A s ) or p-(A p ) to the film. The film was rotated at 45 degree with respect to the incident light. dichroic ratio (A s /A p ) at 450 nm was found to be 0.78. The results were analyzed on the assumption that the transition moment of the metal complex lays uniformly on the plane perpendicular to the C 3 molecular axis. As a result, the C 3 molecular axis was determined to orient at α = 15 degree with respect to the normal direction of the film. The clay film intercalating the racemic metal complex gave the same results. Fig.1 (a) Absorption spectra of the films fabricated by filtrating various amounts (40 ml, 60 ml, 80 ml, 100 ml). The inset is the plot of absorbance at λ max (450 nm) vs. the filtrated amount: (b) Absorption spectra found with s-(solid line) and p-polarized (dashed line) light for the film at the incident angle of 45 degree. Figure 2 shows the transmission electron microscopy (TEM) image of the film. The definite layer-by-layer character was confirmed with the interlayer spacing of c.a. 1.8 nm. The electron diffraction pattern indicated the turbostratic layering or there was no preferential orientation of the a-and b-axes of clay sheets. The layer-by-layer stacking of clay sheets was observed to extend over a few micrometers. No information was obtained, however, as to the arrangement of the intercalated metal complexes between the clay sheets.
Fig.2
A cross-sectional transmission electron microscopy (TEM) image of the thin clay film. The cross-sectional thin specimen was prepared using a focused ion-beam (FIB) system (Hitachi FB-2100). The TEM observation was performed using a JEOL JEM-2010 UHR. Figure 3 shows the XRD pattern of the clay thin film, indicating the (001) diffraction at 1.7 nm, which was in accord with the TEM observation. These results implied that the present clay films had a uniform thickness, regular stacking and molecules intercalated in a unique orientation. X-ray diffraction patterns for the thin clay film. The peak at 2θ(CuKα) = 5.1 degree was assigned to (001) diffraction.
Figure 4(a) shows the optical second harmonic generation (SHG) signals when reptitively Q-switched pulsed beam from a Nd: YAG laser (Lee 818 TQ) operated at a wavelength of 1064 nm was irradiated onto a film. Notably the film intercalating chiral metal complexes gave the signal of significant intensity, while the film intercalating racemic metal complexes gave a signal on a negligible level. It should be also emphasized that the SHG signal was observed only p-s optical geometries, in which the p-polarized fundamental beam was irradiated and the s-polarized fundamental beam was detected. The second-harmonic signals were negligible in p-p, s-p and s-s geometry. This fact indicated that the nonvanishing susceptibity component was only χ (2) xyz . The same behavior has been reported for the crystals of chiral materials. 11 The second-order nonlinear susceptibility (χ (2) xyz ) was estimated to attain 0.6 pm V -1 .
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Figure 4(b) shows the dependence of the SHG intensity on the film thickness. When the film thickness was smaller (a) (b) than 1 μm, the signal increased in a quadratic way with respect to the film thickness, while it levelled off at the region thicker than 4 μm. The behavior of the present film was interpreted in terms of a SHG active three-dimensional crystal with the coherence length 13 of c.a. 4 μm. Considering that the typical coherence length of quartz and organic crystals is 20 and 1 μm, respectively, 14, 15 the estimated value of 4 μm as a coherence length seemed to be reasonable since the present film was a hybrid material consisting of alluminosilicates and organic dyes. 2+ ions. For the measurements, sodium montmorillonite (Kunipia-P, Kunimine Ind. Co. (Japan), CEC: 1.17 meq g -1 ) was used instead of the Smecton SA because of its large crystal. We confirmed that the SHG behavior, which is very sensitive to the molecular alignment, of the film employing Kunipia-P was essentially the same as that employing Smecton SA. This fact indicates that the adsorption fashion of [Ru(phen) 3 ] 2+ ions on Kunipia-P were essentially the same with those on Smecton SA, though the CEC of Kunipia-P is little bit larger than that of Smecton SA. Morphology of surface of the present film was typical to those observed for films adsorbing clusters consisting of organic cations adsorbed onto single layer of inorganic nano-sheet. 16 The height of the cluster was estimated to be c.a. 1 nm. The value was close to the molecular height of [Ru(phen) 3 ] 2+ ion. Thus these ions were concluded to form a cluster with the thickness of a monomolecular layer on a clay crystal surface. The same layer was expected to form within the interlayer space of a clay in the present film. Since such monomolecular layers generated SHG signals exclusively for the chiral case, it was decduced that the chiral molecules in the clusters crystallised in a noncentrosymmetric fashion. This is a first report of preparing a non-centrosymmetric material based on smectite-type clay minerals by applying the natural deposition method.
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